Cygnus X-3 is a potent source of high-energy y rays, with energies up to 10 TeV. In the context of a model where these y rays are produced by the collision of a high-energy proton beam with matter we calculate the flux, spectrum, and "hght curve" of the neutrinos produced. Neutrinos with energies of 3 -100 TeV may be detectable in large, underground detectors by the muons they produce in the surrounding rock.
I. THE CYGNUS X-3 SYSTEM
The Cygnus X-3 system is a very robust source of radio, infrared (IR), x-ray, medium-energy (ME) y ray , and ultra high-energy (UHE) y ray ()TeV) photons. A 4.8-h period is observed in all but the radio emission and appears to be associated with the orbital period of a binary system, thought to consist of a compact object (possibly a young pulsar) and -4Mo companion. ' Eclipsing of the compact object by the companion is believed to be responsible for the observed periodicity (see Fig. 1 ).
Characteristics of the light curves from Cygnus X-3 allow one to construct models of the system. The x-ray light curve does not contain a zero-flux minimum but instead is smoothed to a sinusoid. ' The absence of a complete x-ray eclipse can be understood if the binary system is shrouded by a cocoon of optical depth unity for x rays, which scatters x rays originating from the compact object during eclipse. ME y rays from the compact object pass directly through the cocoon without being scattered, resulting in the zero-flux minimum (centered about x ray minimum which we take to occur at phase /=0) observed by Lamb et al. ' at -100 MeV. The duration of the eclipse (b,/=40%%) and the orbital period establishes an upper limit for the companion mass of 4Mo, assuming a 1.4MD compact object.
Although the UHE y-ray light curve exhibits a 4.8-h period, it is much. different in structure than those observed in IR, x ray, and ME y ray, suggesting a different mechanism for the UHE photon production. The UHE y-ray light curve seems to show two pulses, occurring just before and just after x-ray minimum separated by 0. The effect of absorption of neutrinos is shown in Fig. 2 .
In order to relate the source spectrum to the observed number spectrum it is necessary to propagate the source spectrum through the companion star. The absorption of the y's and v's by the star depends upon the column density material encountered by the y or v traversing the star, which in turn depends upon the phase g. "
The photons can only traverse the star when the source is near phase /=+0. 25. Since the yK cross section at high energies is roughly energy independent, the relative intensity of the UHE photon flux should be energy independent, and appear only at phase /=+0. 25. The UHE photons are detected for a total phase of (Ag)~=0. 05. Although a normal stellar model would result in (b, g)z at least a factor of 10 smaller, the companion star in this system is expected to be significantly altered by the compact object, which can easily account for the large (Ag)r.
Due to their weak-interaction cross section neutrinos more easily traverse the star. However, very energetic neu- At energies above 100 TeV, the absorption cross section is relatively energy independent, so all energies above 100 TeV will have the same phase structure for the relative intensity. The predicted neutrino light curves are shown in However the efficiency for charm and heavy-flavor production is expected to be 10 -10 that of m, K production. Therefore above E, the flux the neutrinos will be suppressed by 10 -10 . Fig.   4 ). The probability that a neutrino of energy E (in TeV) interacts in the rock outside the detector and produces a muon which passes through the detector is (3.4) (E in TeV) where f(E&)dE~i s the probability that the muon produced has an energy between E& and E&+dE&. For simplicity we have assumed that the typical muon energy is about equal to half that of the incident neutrino. '
Notice that the ratio P&/P, increases with energy, and for neutrinos more energetic than a few /&p GeV the effective size of the detector for muon events is larger than that for contained events. Thus if the neutrinos are predominantly very high energy ( & TeV) the contained type events should be rare.
The event rate in the detector is given in terms of the neutrino spectrum dN /dE and the probability P(E) that a neutrino of energy E interacts: I;=a f P;(E)(dN, /dE)dE, (3.5) For the neutrino spectrum derived from the highenergy photon spectrum (A =4X 10 ' cm sec ' and n =2.1) and a detector cross section of order 4X 10 cm the predicted event rate for the muon events is I &-3X10 [a/(4X10 cm )] Hz, (3.9) N"( & E)=10 E cm sr ' sec (3.10) the rate at which background atmospheric muons pass through the detector at zenith angle y is dl"z/dA=a X10 E (x) cm sr sec =a X 3 X 10 "E (x) cm deg sec =(a X 10 ' Hz deg ) [exp(x3) -1], (3.11) or about 1 event per year. Recall that the normalization 3 could easily be larger by a factor of 10 due to uncertainties in the photon flux, the photon duty cycle, or photon absorption.
Of course, this signal must be compared to the background of throughgoing cosmic-ray muons.
This background depends strongly upon the zenith angle because the energy needed by a muon to penetrate to the detector depends upon the zenith angle, and the integrated flux of muons at the earth's surface decreases rapidly with muon energy. Taking the integrated muon flux at the surface of the earth to vary as The background muon rate decreases rapidly with increasing zenith angle, as is shown in Fig. 5 where E(x) is the energy (in TeV) a muon must have to reach the detector from the surface of the Earth: N"=( -, o )(10 erg sec ')(E") '(4mr ) =10 ' cm sec Such a flux produces a muon event rate of (3.15) and 180' -(8+5) with the sidereal period, where 5=40. 8' is the declination of Cygnus and 8 is the latitude of the detector. For IMB 0 is 41. 5'N so that Cygnus X-3 only gets about 8 below the horizon. As far as background goes, the deeper, more southern detectors such as the Kolar Gold Field (8=12'N) and the Case-Wit-Irvine mine (8=26. 5'S) are much better off.
For completeness, consider the possibility that the neutrino spectrum is steeper than E, in which case both the "contained" and "muon" events are dominated by the low-energy neutrinos:
I p -aA X3X10 (E;"/1 GeV) "+ 10 '" '/(n -3) (3.13) I' a/I/o4X 10 9(E, /1 GeV) "+ 1() I"~~/ (n 2) (3.14)
In this case the two rates are comparable, and the signal is unlikely to be detectable unless the flux of GeV neutrinos is many orders of magnitude greater than that of the photons, which in turn would imply an energy output in neutrinos much greater than 10 erg sec '. We should emphasize this point; since the probability for a neutrino to produce a "muon" event varies either as E (for E & few TeV) or as Eln(E) (for E& few TeV) and the neutrino luminosity only varies linearly with neutrino energy, the power required to produce a given event rate in the detector decreases with neutrino energy. More likely is the case that E, (10" TeV, so that the flux of 10 TeV neutrinos is due to "prompt" charm and heavy-flavor decays and is a factor of 100 -1000 smaller than the above estimate, resulting in an event rate which is 10 -10 of the above estimate. However, due to the fact that some reasonable fraction of the m's and X's that are produced will interact and lose energy until E &E, and they can decay in flight; a significant fraction, N"=fX(10 erg sec ')X(E, ) '(4rrr~) =10 (f/10 ')(E, /10 TeV) ' cm sec This leads to a "muon" event rate of (3.17) I "=a%"I'" (E, ) =(10 Hz)[a/(4X10 cm )](f/10 ') )&ln [l+E, /(10 TeV) ]oJ M Dickey, Astrophys. J. 283, L71 (1983) .
The observations suggest that the angle i between the normal to the orbital plane and line of sight is about 90' and that the distance between the compact object and the companion star y is much less than R. If this is so, then 9, the angle between the point where the line of sight intersects the companion star and a line connecting that point to the center of the star, is equal to the phase angle P (see Fig. 1 ). The angle 8 determines when the UHE-y-ray pulses should occur (0=+~/2) and the degree of neutrino absorption. For i&90' and y&0, 8 and p are related by sin8=(1+y/R)(cos2i +sin i sin21(1'~2, which has the limiting forms sin8=(1+y/R}sinl(, for i=90, and cos8=sinicosg, for y/R &~1. Throughout this paper we have assumed that i =90' and y &&R.
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